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c A 

COMPOUND PARABOLIC CONCENTRATOR 
CPC 


\ TOTAL ACCEPTANCE 



REPORTS 

A. RABL, "Optical and Thermal Properties of Compound Parabolic 
Concentrators"/ Argonne Report SOL 75-01 

A. RABL/ "Comparison of Solar Concentrators"/ Argonne Report SOL 75-02. 

* 

. A. RABL/ ET al./ "Report on Concentrating Put Pute Compound 
Parabolic Collectors . 

R. 6IU6LER/ ET AL,/ "XIO Compound Parabolic Concentrators"/ 

ALSO Progress Reports NSF/RANN/SE-AER-7tl-01C65/PR/74/A 
AND 75-01065/PR/75/1. 
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OVERALL OBJECTIVE OF PROJECT 
Determine suitability of CPC for photovoltaic 

APPLICATIONS^ IN PARTICUUR 

Investigate technical problems 
(cooling^ grid spacing^ etc.) 

Optimize concentrator design. 

Calculate system cost. 
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TASKS PERFORMED BY MOBIL TYCO 


1. Determination of the performance characteristics of state- 
of-the-art (i.E.i CZOCHRALSKI N ON P) SILICON SOLAR CELLS 
AS A FUNCTION OF CONCENTRATION RATIO (UP TO 10 TIMES) AND 
TEMPERATURE (20 - 100*0. 

2. Maximization of solar cell performance under concentration 
AND AT elevated TEMPERATURES^ INCLUDING ELECTRODE GRID 
DESIGN, JUNCTION DEPTH, AND ANT I REFLECT I ON COATING. 

3. Analysis of CPC/solar cell performance as a function of 

CONCENTRATION RATIO AND DEGREE OF TRUNCATION (AND HENCE 
OF ACCEPTANCE ANGLE), INCLUDING DETERMINATION OF THE ENERGY 
DISTRIBUTION ON THE CELL TO PROVIDE DESIGN GUIDANCE FOR 
THE LOCATION OF THE GRID STRUCTURE. 

A. Analysis of the cost effectiveness of the CPC/silicon solar 

CELL SYSTEM, 
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5 10 

CONCENTRATION 


Power output versus concentration for 20® and 78 ®C. The average 
decrease in efficiency was G.4%/®C. Tlie AR coating was 1200 A 
and the junction depth was 0.25 pm. 


(measured with 20 mirror hEUOSTAT) 
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Efficiency of 8X CPC and Si photocell combination 


WAS MEASURED. 

(aluminum with reflectivity 85%, ACTUAL CONCENTRATION 
« 6, FOR MECHANICAL REASONS) 

Measured output: 5X 

Temperature dependence of Efficiency 

- 0.5% PER ®C (theor.) 

- 0.4% PER ®C (exp.) 


284 



TEMPERATURE to 


CONCENTRATION 

Temperature of a silicon solar cell as a function of concentration for 
different typ^s of cooling. K » 0.005 W/cm^/ ®C corresponds to a 
flat strip, 0.03 a finned heat sink In a slight breeze, 0.2 cooling by a 
circulating liquid, and 0.01 to some Intermediate cooling,. The ambient 
tr nperaturc v/as 25 C. 






EFFICIENCY C^O 



Solar cdl coiiYerslon efficiency as a function of concentration. For the 
types of cooling scbemes corresponding to various values at see the 
preceding figure or text. 




Fig. 39, The collectcr area per unit lengths divided by the aperture per 
unit length a function of concentration for a CPC. Acceptance 
angles between 2.5 and 30” were used. 
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The cost In of a CPC system versus concentration. 

is the ratio of reflector costs per unit area to Si 
solar cell costs. An acceptance angle of 10** and 
B 0.003 W/cm^ ® C were used. 
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CONCENTRATION 


The cost in $/k\V of a CPC system versus concentration 
types of cooling. See the text for types of cooling corresponding to 
different values of K© . The acceptance angle Is 5 


KEY RESULTS OF mil TYCO 


1. Silicon solar cells can readily be designed to increase 
IN efficiency with concentration up to 10 suns. Simple 

IMPROVEMENTS IN GRID STRUCTURE PERMIT THE ATTAINMENT OF THE 

requisite value of series resistance. 

2. The specific cell parameters required to achieve enhanced 

EFFICIENCY WITH INCREASING CONCENTRATION HAVE BEEN DEFINED^ 
AND THESE ARE READILY ATTAINABLE WITH MINIMUM MODIFICATION OF 
STANDARD SOLAR CELL FABRICATION TECHNIQUES. 

3. Ray tracing computer program has been developed to determine 
ENERGY distribution AT EXIT OF CPC. 

4. The cost of a CPC/solar cell system was determined as a 

FUNCTION OF CONCENTRATION RATIO. ToTAL COST OF A CPC/SOLAR 
CELL SYSTEM WILL BE BETWEEN AND 5 TIMES LOWER THAN FOR 
FLAT PLATE SILICON CELL ARRAYS. 
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THE STATEFENT OF WORK FOR SPECTROLAB 

Evaluate for photovoltaic applications the use of the 

CPC DESIGN AS A FIELD COLLECTOR — IN CONJUNCTION WITH 
.1 PRIMARY FOCUSING CONCENTRATOR. ThE PRIMARY FOCUSING 
CONCENTRATOR MAY BE A PARABOLIC REFLECTOR^ AN ARRAY OF 

Fresnel mirrors, a Fresnel lens or some other type. 
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S1K6LE CPC vs. TWO COMPONENT SYSTEMS 



Two COMPONENT SYSTEM ACHIEVES ABOUT 90% OF Cjug^^. 

Very favorable reflector/aperture ratio, 

PREFERABLE FOR C ^ 10 

(with off axis design may be preferable for C ^ 6) 
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Parabolic Trough with rim angle 0 * 65% acceptance half angle « * 2.5% 
Highly nonuniform flux distribution at absorber 

P /P « 15 

•^MAX' “^AVERAGE 

(Similar conclusions for other single stage concentrators.) 
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CPC APPLICATION PROJECT 
RESULTS OF PHOTOVOLTAIC APPLICATION STUDY 

■ CPC AS FiaO COLLECTOR IN HYBRID SYSTEM 
( SPECTROUE ; ASU ) 

CONCLUSION OF STUDY 

TVKO- ELEMENT DESIGN IS SUBSTANTIALLY BETTER THAN 
ANY SINGLE aEMENT DESIGN STUDIED, FOR USE WITH 
PHOTOVOLTAIC CELLS BECAUSE : 

a. ADDITIONAL CONCENTRATION OF~2 . 5 POSSIBLE 

b. FLUX DISTRIBUTION IS SMOOTHED OUT 

I PEAK /AVERAGE INTENSITY = xl5 FOR PARABOLIC 
TROUGH, = 1. 2 FOR HYBRID SYSTEM ) 

C CPC CAN BE DESIGNED TO REJECT HEAT. HENCE DOES 
NOT ADD TO OVERALL COST OF SINGLE aEMENT SYSTEM 
RECOMMENDATION : 

FURTHER STUDY LEADING TO DESIGN OF 
CONCENTRATOR SYSTEMS OPTIMIZED FOR SPE- 
CIFIC APPLICATIONS AND FABRICATION AND 
TEST OF PROTOTYPES 
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